In the presence of salt, aldosterone causes hypertension and organ damage via the mineralocorticoid receptor (MR) through various mechanisms. MR antagonists are considered to be potassium-sparing diuretics that exert their effect by blocking MR in the kidney, and they are not the first choice for treating hypertension. However, the importance and usefulness of inhibiting aldosterone in the management of hypertension have recently been revealed in both the basic and clinical fields. In Japan, both the selective MR antagonist eplerenone and the non-selective MR antagonist spironolactone are indicated for the treatment of hypertension. Although these drugs are generally used in the same manner, in some cases they require differentiation. This differentiation is divided into two types due to the differences in their features and differences in their contraindications in Japan. Based on a number of studies on MR antagonists that have been recently published, the diseases and clinical conditions targeted by MR antagonists appear to be likely to increase in the future. In Japan, we consider it necessary to carefully differentiate spironolactone from eplerenone in regard to their intended uses.
INTRODUCTION
The Japanese Society of Hypertension Guidelines for the Management of Hypertension (JSH 2009) stipulates that an antihypertensive drug should initially be administered as the first choice of treatment as monotherapy or in combination therapy, and five types of antihypertensive drugs are listed. 1 These drugs exert sufficient hypotensive effects and are tolerated by hypertensive patients. However, there are few patients for whom blood pressure is controlled by monotherapy. Hypertensive patients need to be treated with an efficient combination therapy using the most effective drug. JSH 2009 stipulates that the combination used should be supported in comparisons in largescale clinical trials. A typical example of such a combination is angiotensin-converting enzyme (ACE) inhibitors or angiotensin II receptor blockers (ARBs) and diuretics. Mineralocorticoid receptor (MR) antagonists are considered to be potassium-sparing diuretics that exert their effect by blocking MR in the kidney. MR antagonists are differentiated from diuretics, primarily thiazide diuretics, and are not the first choice for treating hypertension. However, the importance and usefulness of inhibiting aldosterone in the management of hypertension have recently been revealed in both the basic and clinical fields. [2] [3] [4] In this paper, we discuss the use of MR antagonists in Japan. In Japan, eplerenone, which is a selective MR antagonist, is indicated for the treatment of hypertension. Both spironolactone, which is a non-selective MR antagonist, and eplerenone can be used for the treatment of hypertension. These drugs are used in the same manner. However, in some cases, these drugs need to be differentiated. The drugs can be differentiated by two characteristics: their features and their contraindications in Japan (Table 1) .
PHARMACOLOGICAL CHARACTERISTICS OF SPIRONOLACTONE AND EPLERENONE
Both spironolactone and eplerenone target MR for the management of hypertension. However, there is controversy regarding the ligand. MR in epithelial tissues and MR in non-epithelial tissues are genetically identical, 5, 6 but they differ substantially physiologically; therefore, the ligand is difficult to determine. Compared with spironolactone, eplerenone has two specific features. First, eplerenone is highly selective for MR. 7 Because it does not act on other steroid receptors, it rarely causes endocrine side effects. In contrast, spironolactone contains elements of the progesterone molecule, and its use is accompanied by progestogenic and antiandrogenic adverse effects, such as painful gynecomastia, menstrual irregularities and impotence. 8 Additionally, the IC 50 value of eplerenone for MR is B40 times higher than that of spironolactone; that is, eplerenone has a weaker MR antagonism than spironolactone. 9, 10 Furthermore, some metabolites formed after spironolactone has been metabolized in the liver. These metabolites also show MR antagonism. 11, 12 In regard to titers, 7a-thiomethylspironolactone and the metabolite canrenone show only B30% of the MR antagonism exhibited by spironolactone. However, the blood concentrations of 7a-thiomethylspironolactone at its peak are approximately threefold higher compared with spironolactone. In contrast, eplerenone itself is an active form. Its metabolites (the main metabolite is 6b-hydroxy eplerenone) have no MR antagonism. 13 In this regard, the percentage of the protein binding of eplerenone in vivo is lower than that of spironolactone. Therefore, the severity of MR antagonism in vitro cannot be a direct indication in vivo, but eplerenone is a weaker MR antagonist compared with spironolactone. Therefore, it has been reported that eplerenone elicits smaller changes in renin-angiotensin-aldosterone axis components than spironolactone. These results are clinically reflected by eplerenone barely increasing serum potassium values at its hypotensive dose. 14 Representative pharmacological characteristics of spironolactone and eplerenone are summarized in Table 2 . Clinically, the differences between these two drugs pertain to their potency (a higher MR antagonistic activity for spironolactone than for eplerenone at the same dose level), half-life (longer with the spironolactone metabolite), likelihood to induce hyperkalemia (although both drugs should be used carefully, the incidence is lower with eplerenone at the same dose level because of its lower MR antagonistic activity) and endocrinological adverse reactions (the incidence with eplerenone is comparable to the placebo). In Japan, because the contraindications listed in the package insert differ between eplerenone and spironolactone, as described later, the selection of eplerenone or spironolactone based on the features of individual cases is essential, although these two drugs can be applied under a common strategy for both drugs in other countries. Another important issue when using these drugs in Japan pertains to the drugs' prices under the National Health Insurance system. The National Health Insurance price of eplerenone in Japan is lower than its price overseas. In Japan, eplerenone is indicated for hypertension (a characteristic unique to Japan in contrast to most other countries, where it is used for the management of heart failure and sold at higher prices). In this sense, switching from spironolactone to eplerenone (for example, in cases showing endocrinological adverse reactions) may not be financially stressful for patients in Japan. It is essential to bear these diverse viewpoints in mind when the two drugs are positioned clinically instead of simply arguing about whether spironolactone or eplerenone is superior. 
USE BOTH DRUGS IN THE SAME MANNER
In light of these differences in the features of the two drugs, we considered the actual clinical uses. First, we describe some of the clinical conditions for which both drugs are used in the same manner. In such cases, there is no difference between the two drugs. Both drugs should be monitored for their efficacy and safety during their use. If a patient experiences no adverse reaction to spironolactone and the blood pressure is well controlled, then there is no need to change spironolactone to eplerenone or vice versa.
Primary aldosteronism
Primary aldosteronism (PA) is a secondary hypertension caused by the autonomous excessive secretion of aldosterone from the adrenal gland. Screening for PA has recently drawn attention because PA occurs more frequently than previously expected and is curable by operative therapy. From 2008 to 2009, the Endocrine Society, the Japan Endocrine Society and the Japanese Society of Hypertension published guidelines on PA. The objective in treating PA is to control hypertension and suppress the direct organ disorders caused by the hypersecretion of aldosterone. There are both operative therapies and internal therapies, primarily the use of MR antagonists. The more frequently PA occurs, the more a discussion of the results of medical therapy is needed. However, it is highly possible that some studies comparing operative therapy and medical therapy may include study patients who are substantially different between the treatment groups. Therefore, direct interpretation is problematic. There is no study that accurately compares the prognosis of both treatment groups. Catena et al. 15 compared the rate of regression of left ventricular hypertrophy in patients whose PA was treated by operative therapy or spironolactone therapy. The regression of left ventricular hypertrophy was noted 1 year after beginning treatment in B15% of patients receiving operative therapy and B5% of patients receiving spironolactone therapy. At the end of the study (mean 6.4 years), more patients in the spironolactone therapy group exhibited regression, and the difference between the two groups was reduced (B20 and B15%, respectively). During the course of the study, both therapies provided comparable blood pressure control. Sechi et al. 16 compared the relatively long-term change over time of the renal function in PA between operative therapy and spironolactone therapy and reported that there was no significant difference between the two therapies. PA is commonly complicated by cardiac dysfunction and metabolic abnormality (cardiometabolic syndrome). Giacchetti et al. 17 examined the influence of operative therapy and drug therapy on these complications. A comparison was performed between a group of aldosterone-producing adenoma patients who received an adrenalectomy during a mean period of 34 ± 6 months and a group of idiopathic hyperaldosteronism patients who received medical therapy during a mean period of 55±4 months. In the operative therapy group, the cardiac dysfunction and metabolic abnormality improved (regression), whereas in the medical therapy group, the progression was suppressed (progression avoided). Although both therapies were effective, the operative therapy was more effective than the medical therapy. In most cases, the comparison between operative therapy and medical therapy shows different results that are study dependent because of inconsistent conditions. In addition, a comparison between postoperative aldosterone-producing adenoma and idiopathic hyperaldosteronism after medical therapy is not exactly the same comparison as between operative and medical therapies.
In most cases, spironolactone has been used for drug therapy in PA. According to a limited number of reports on PA, eplerenone administered at doses of 50-400 mg per day reduced blood pressure by 40 to 50/20 to 30 mm Hg. In PA, the maximum dose of eplerenone is considered to be 400 mg in the United States. When 100 mg per day of eplerenone is administered in a single dose or divided in half (50 mg Â 2), the divided dose regimen was more effective in decreasing the diastolic blood pressure by 3.6 mm Hg. Therefore, the method of administration was also evaluated. In addition, there are reports of patients who presented with painful gynecomastia while taking spironolactone whose symptoms completely abated after changing to eplerenone. Eplerenone can be used for patients who have endocrine side effects during treatment with spironolactone.
Karagiannis et al. 18 compared spironolactone vs. eplerenone with regard to blood pressure control in idiopathic hyperaldosteronism patients. 18 Treatment with spironolactone was started at a dose of 50 mg per day (two divided doses), and treatment with eplerenone was started at a dose of 50 mg per day (two divided doses). The dose was doubled every 4 weeks if the blood pressure was 140/90 mm Hg or higher. Blood pressure was controlled in 76.5% of patients in the spironolactone treatment group and 82.4% of patients in the eplerenone treatment group by week 16. Twenty-four-week treatments with both drugs were almost comparable in regard to hypotensive effects. However, two patients receiving 400 mg per day of spironolactone presented with painful gynecomastia in week 16 of the treatment. Their symptoms were abated by changing their drug to eplerenone 150 mg per day. Two patients receiving 400 mg per day of spironolactone and three patients receiving 150 mg per day of eplerenone presented with hyperkalemia. Although the doses of these drugs used in this study were higher than doses used in Japan, both drugs showed comparable positive blood pressure control. In general, spironolactone may exhibit a stronger hypotensive effect than eplerenone due to their different affinities for MR and the MR antagonist effect of the metabolites when they are administered at the same doses (Table 2) . However, contrary to expectations, in his study assessing hypotensive effects in patients with idiopathic hyperaldosteronism, Karaginannis reported that these two agents demonstrated almost equal hypotensive effects.
Parthasarathy et al. 19 provides information on using spironolactone and eplerenone in PA therapy. The efficacy and safety of spironolactone (75-225 mg once daily) and eplerenone (100-300 mg once daily) were compared in PA patients using the double-blind method. Spironolactone lowered both the systolic and diastolic blood pressure in the seated position beginning at 4 weeks after beginning treatment, with significant differences in the degree of hypotension. The difference increased at 16 weeks after starting the treatment. There was no significant difference in the total adverse drug reactions. More men presented with gynecomastia and more women presented with breast pain in the spironolactone group, with significant differences. Parthasarathy et al. reported the expected result that spironolactone had a stronger hypotensive effect than a higher dose of eplerenone. It is anticipated that the future publication of results from Japanese studies comparing the hypotensive effects of these two agents and the actual results from Japanese clinical practice will be examined.
PA therapy requires blood pressure control and aldosterone inhibition, for which both spironolactone and eplerenone can be used equally. Regarding the hypotensive effect, spironolactone would likely be superior in this regard at an appropriate dose, whereas it is likely that eplerenone may be superior in terms of long-term drug adherence. If a patient experiences no adverse drug reactions to spironolactone and blood pressure is well controlled, then there is no need to change spironolactone to eplerenone or vice versa. If patients respond favorably to these therapies, then there is considered to be no clinical difference between the two drugs.
Countermeasures against MR activation during treatment with an ACE inhibitor or ARB: addition of a small amount of MR antagonist In this section, we summarize the diseases that require MR activation inhibition during treatment with an ACE inhibitor or ARB. Aldosterone breakthrough is a phenomenon in which plasma aldosterone concentrations increase above pretreatment levels during relatively long-term therapy with an ACE inhibitor or ARB. This phenomenon is noted at a certain frequency regardless of the underlying disease and which renin-angiotensin (RA) inhibitors are used. [20] [21] [22] [23] [24] Aldosterone breakthrough has no influence on the hypotensive effect of RA inhibitors, but it reduces the organ protective effect. Increasing the dose of an ACE inhibitor or an ARB has little benefit as a countermeasure against aldosterone breakthrough, and adding a small amount of an MR antagonist is necessary. In addition, the usefulness of adding an MR antagonist to an ACE inhibitor or ARB in patients without an elevation in the plasma aldosterone concentration has been demonstrated. Some of the research demonstrating this effect include the RALES (Randomized Aldactone Evaluation Study), 25 EPHESUS (Eplerenone Post-Acute Myocardial Infarction Heart Failure Efficacy and Survival Study) 26 
and EMPHASIS-HF (Eplerenone in Mild Patients Hospitalization and Survival Study in
Heart Failure) 27 studies. Under conditions of heart failure and postmyocardial infarction with left ventricular dysfunction in RALES, EPHESUS and EMPHASIS-HF, it has been reported that MR may be activated by cortisol and aldosterone. Mihailidou and Funder reported that although cortisol is transcriptionally silent to MR under normal conditions, it may become transcriptionally active (MR agonist) under stressed conditions, such as in heart failure. MR antagonists may block these cortisol-MR cascades. 28 The results of RALES, EPHESUS and EMPHASIS-HF showed an additional effect of spironolactone and eplerenone (all studies were placebo-controlled double-blind studies). Although the standard therapy for heart failure has progressed, the fact that such obvious results have been obtained indicates the importance of the inhibition of MR, even during treatment based on RA inhibitors. In particular, the results of EMPHASIS-HF may strongly influence the future clinical practice for heart failure. In RALES, spironolactone exhibited efficacy at a mean dose of 26 mg per day. In EPHESUS and EMPHASIS-HF, eplerenone exhibited efficacy at doses of 43 and 40 mg per day, respectively. In all of the studies, these drugs were concomitantly used with RA inhibitors, and therefore, the dose of the MR antagonists was reduced or temporarily suspended depending on the serum potassium levels obtained under treatment. In EMPHASIS-HF, some patients had a low estimated glomerular filtration rate (eGFR). In patients with an eGFR of 30-49 ml per minute per 1.73 m 2 , treatment with eplerenone was started with an alternate-day administration of 25 mg per day. This measure was taken for the prevention of hyperkalemia. The results showed that a small amount of an MR antagonist, which is needed as a countermeasure against MR activation, has an effect without influencing blood pressure. The required doses of spironolactone (RALES) and eplerenone (EPHESUS and EMPHASIS-HF) are different. Considering the MR antagonistic activity of each drug, these doses are as expected.
We have reported on the additional effects of MR antagonists in patients with diabetic nephropathy (DM nephropathy) and nondiabetic renal disease (non-DM renal disease). Spironolactone of 25 mg per day significantly decreased albuminuria. 22, 23 Thus, when MR antagonists are used as a countermeasure against MR activation in addition to RA inhibitors, both spironolactone and eplerenone can equally be expected to be effective, even if they are given at a low dose that does not affect blood pressure. It is highly possible that both drugs can be expected to be effective, even with alternate-day administration at a small dose or at reduced doses depending on the potassium levels. In addition, spironolactone rarely causes dosedependent endocrine side effects when administered at a low dose. The results of RALES, however, showed a significantly higher incidence of gynecomastia and breast pain in the spironolactone treatment group (10%) than in the placebo group (1%). 25 When spironolactone is administered, it is important to adjust the dose to prevent it from causing endocrine side effects and hyperkalemia. If endocrine side effects do occur, then eplerenone may be used instead. In actual clinical practice, it is always important to consider that aldosterone or cortisol actions that are beyond the control of RA inhibitors can be suppressed.
Heart failure
Although this indication overlaps with the countermeasure against MR activation, both drugs are used for the treatment of chronic heart failure in a similar manner. They are considered as an MR antagonist in combination. The Japanese Guidelines for Treatment of Chronic Heart Failure (JCS 2010) encourage the administration of both spironolactone and eplerenone to patients with severe heart failure (New York Heart Association class III or IV) taking loop diuretics and ACE inhibitors (class I, evidence level A). Although RALES and EPHESUS are listed as a basis for this addition, EMPHASIS-HF had not been published at the time the recommendation was made. In actual use, it is preferable to measure serum potassium levels and creatinine levels on day 3 and week 1 of treatment and each month thereafter until month 3 of treatment.
The effects of MR antagonists in heart failure with the primary clinical condition of diastolic dysfunction (heart failure with preserved ejection fraction; HFPEF) are considered to be a future issue. The prognosis for HFPEF has not shown improvement, and there is no proven therapy. JCS 2010 stipulates that MR antagonists are to be used for patients with New York Heart Association classes III and IV (class IIa, evidence level B). Currently, TOPCAT (Treatment of Preserved Cardiac Function Heart Failure with an Aldosterone Antagonist) is being studied, primarily by the NIH (National Institutes of Health) in the United States, to evaluate the efficacy of spironolactone in HFPEF. The results and the results of EMPHASIS-HF will strongly influence future guidelines for the treatment of heart failure.
DIFFERENTIATION OF THE TWO DRUGS
Next, we summarize the clinical conditions requiring the differentiation of the two drugs. Chronic kidney disease (CKD) is the representative disease. Although both drugs are essentially comparable in efficacy, they require differentiation depending on the differences in the contraindications in Japan. It is also possible that how the drugs are used for hypertensive patients without complications may differ depending on the pharmacological characteristics of each drug.
Chronic kidney disease CKD is a common disease that is frequently observed in daily clinical practice. Patients with CKD are at high risk for cardiovascular diseases, hospitalization and death. CKD must be treated in a comprehensive manner. The management of hypertension is important and requires strict 24 h blood pressure control, including countermeasures against hypertension during the night and in the early morning. The basis of treatment is ACE inhibitors or ARB. Because MR antagonists are administered in addition to ACE inhibitors or ARB, there are accompanying potassium problems. JSH 2009 also suggests that MR antagonists should be used cautiously in hypertensive patients with renal diseases because they are at risk for hyperkalemia. In general, MR antagonists are not recommended for hypertensive patients with renal diseases. Recently, however, it has been shown that MR antagonists are effective for renal protection and exhibit anti-albuminuria as long as they are administered with particular care. 22, 23, [29] [30] [31] [32] [33] [34] Contraindications for eplerenone in Japan include diabetic patients with microalbuminuria or proteinuria. This contraindication is specific to eplerenone and does not apply to spironolactone in Japan. Therefore, eplerenone cannot be used for patients with DM nephropathy. For this reason, it is necessary to differentiate spironolactone from eplerenone depending on the causative disease in the treatment of CKD in Japan.
For the treatment of diabetic patients with hypertension, it is important to confirm microalbuminuria because eplerenone is contraindicated for patients with this condition. In contrast, eplerenone can be administered to patients without microalbuminuria. Diabetic patients often present with typical salt-sensitive hypertension and rarely respond to RA inhibitors. The hypotensive effect of eplerenone is not reduced in patients with low renin hypertension. 2, 35, 36 Therefore, eplerenone can be expected to have a further hypotensive effect when it is added to RA inhibitors. Spironolactone can be used for all stages of hypertension because there is no limitation of DM nephropathy. However, spironolactone is contraindicated for patients with anuria and acute renal failure, so caution is advised. It may be possible to administer spironolactone to dialysis patients, unless they have no anuria. 37 Serum potassium levels require close monitoring in all patients.
In the treatment of CKD for which the causative disease is not diabetes mellitus, the use of eplerenone differs. Eplerenone is contraindicated for patients with either moderate or severe renal dysfunction (a creatinine clearance of o50 ml per minute) because they are at risk for hyperkalemia, although it can be used for patients with mild renal dysfunction (creatinine clearance of not less than 50 ml per minute). For patients with stage 1 (eGFRX90 ml per minute per 1.73 m 2 ), stage 2 (eGFR; 60-89 ml per minute per 1.73 m 2 ) and some patients with stage 3 (eGFR; 30-59 ml per minute per 1.73 m 2 ) CKD, eplerenone administered with attention to the serum potassium levels can be expected to have a further renal protection effect. Currently, EVALUATE (Eplerenone Combination Versus Conventional Agents to Lower Blood Pressure on Urinary Antialbuminuric Treatment Effect Trial) is ongoing as a placebo-controlled, double-blind trial to validate the additional effects of eplerenone on conventional therapies, primarily with RA inhibitors, in Japanese essentially hypertensive patients with albuminuria. 38 DM nephropathy patients and patients with an eGFR of o50 ml per minute per 1.73 m 2 for whom eplerenone is contraindicated were excluded from this trial. The result of this trial is expected to have a significant influence on the future treatment of CKD in Japan. Finally, we are not implying that spironolactone is inferior to eplerenone in the treatment of CKD; a small amount of spironolactone is effective in CKD treatment.
Essential hypertension
Finally, we discuss the use of each drug in patients with essential hypertension who have no cardiovascular complications. Both spironolactone and eplerenone are indicated for hypertension and can be used for the treatment of hypertension. The use of these drugs differs depending on whether they cause concentration-dependent side effects. Eplerenone can be administered up to the maximum dosage, and spironolactone is primarily given at a low dose that will cause no side effects. Eplerenone can be used as monotherapy as long as it can be used up to the maximum dose. Spironolactone, however, must always be given in combination therapy because it is administered at a low dose.
Studies of hypotensive agents with anti-aldosterone activity were initiated 4-5 years after 1953, when aldosterone was discovered after changing a side chain of a steroid skeleton. Among the identified drugs, SC-9420 became available as spironolactone in 1963 in Japan. 7 Spironolactone is very effective for the treatment of essential hypertension. Many studies have shown that the optimal dose for blood pressure control is regarded to be 100 mg per day. [39] [40] [41] [42] However, its use is problematic because it causes endocrine side effects in B15-20% patients at the optimal dose as a hypotensive agent. [43] [44] [45] [46] [47] Spironolactone causes endocrine side effects in a dosedependent manner, and it is considered to be suitable for combination treatment with other drugs at a low dose that does not cause endocrine side effects (up to B25 mg per day) rather than for monotherapy at 100 mg per day. Spironolactone currently has the most convincing evidence as a fourth drug for patients with resistant hypertension. [48] [49] [50] The efficacy of spironolactone in patients with resistant hypertension when used as a fourth drug was reported in ASCOT-BPLA (Anglo-Scandinavian Cardiac Outcome Trial-Blood Pressure Lowering Arm). 51 JSH2009 provides that an MR antagonist at a low dose is effective in resistant hypertension; however, most of this evidence was found with spironolactone. Spironolactone should be used as a combination drug at a low dose rather than independently.
However, eplerenone causes no dose-dependent side effects up to the maximum usable dose of 100 mg in Japan. Therefore, eplerenone can be used as monotherapy. Saruta et al. 2 have reported the efficacy and safety of eplerenone in Japanese hypertensive patients. The differences in hypotension in response to eplerenone at the maximum usable dose in Japan of 100 mg are À9.7/ À6.7 mm Hg for outpatient blood pressure and À5.7/3.6 mm Hg for 24 h blood pressure. There were no clinically significant serious adverse events. Notably, hyperkalemia and sex hormone-related side effects were not observed in any patient. Most of the patients included in this study had low renin hypertension, and the once-daily administration of eplerenone significantly lowered their casual blood pressure and 24 h blood pressure. Levy and Funder 52 titrated a dose of eplerenone from 50 to 100 mg and then to 200 mg in essential hypertension patients until the level of hypotension reached the target level. No doses of eplerenone had a significant effect on the serum potassium levels between the responder group (diastolic blood pressureso90 mm Hg) and the non-responder group (diastolic blood pressuresX90 mm Hg). The authors considered that it is highly possible that the hypotensive mechanism of eplerenone primarily consists of a non-diuretic action (an action via a non-epithelial MR). Our clinical results showed that there was no correlation between the hypotensive responsiveness of eplerenone and the serum potassium levels. 3 Because the hypertensive mechanism of aldosterone is complicated, it is highly likely that the hypotensive mechanism of eplerenone is also complicated. Particularly for the clarification of clinical conditions in which eplerenone is expected to be effective, it is necessary to accumulate further evidence.
CONCLUSION
Based on the recently published basic and clinical data on MR antagonists, the target diseases and clinical conditions for this drug appear likely to increase in the future. Spironolactone and eplerenone should primarily be used in the same manner; however, in clinical practice, it is considered necessary to use them based on the various perspectives shown in Tables 1 and 2 so they will be effective with minimal adverse reactions.
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